FLUID FLOW CONTROL SYSTEM COMPRISING A MANIFOLD ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application 63/155,861, filed

March 3, 2021, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Mass flow control has been one of the key technologies used in semiconductor chip
fabrication. Apparatuses for controlling mass flow are important for delivering known flow rates
of process gases and liquids for semiconductor fabrication and other industrial processes. Such
devices are used to measure and accurately control the flow of fluids for a variety of
applications. In a given fabrication tool, a variety of liquids and gases might be required. As a
result, efficient gas and liquid handling is essential to modern semiconductor fabrication
equipment.

[0003] As the technology of chip fabrication has improved, so has the demand on the
apparatuses for controlling flow. Semiconductor fabrication processes increasingly require
increased performance, a greater range of flow capability, more process gases and liquids, and
more compact installation of the necessary equipment. Improved gas and liquid handling for a
variety of flow apparatuses is desirable to deliver enhanced performance in reduced space and at

a reduced cost.

SUMMARY OF THE INVENTION

[0004] The present technology is directed to systems for processing articles such as
semiconductors. In other embodiments, the present technology is directed to systems for
controlling process fluids. In yet other embodiments, the present technology is directed to
systems for transporting process fluids. In other embodiments, the present technology is directed
to apparatuses for controlling flow of process fluids. The present systems and manifold
assemblies may be used in a wide range of processes such as semiconductor chip fabrication,
solar panel fabrication, etc.

[0005] In one implementation, the invention is a system for processing articles. The system has
a first fluid supply configured to supply a first process fluid and a second fluid supply configured

to supply a second process fluid. The system has a first apparatus for controlling flow, the first



apparatus having an inlet, an outlet, and a bleed port, the inlet of the first apparatus fluidly
coupled to the first fluid supply. The system has a second apparatus for controlling flow, the
second apparatus having an inlet, an outlet, and a bleed port, the inlet of the second apparatus
fluidly coupled to the second fluid supply. The apparatus has first and second mounting
substrates, the first mounting substrate having a first vacuum port and a first outlet port, the first
apparatus for controlling flow attached to the first mounting substrate such that the bleed port of
the first apparatus for controlling flow is fluidly coupled to the first vacuum port and the outlet of
the first apparatus for controlling flow is fluidly coupled to the first outlet port. The second
mounting substrate has a second vacuum port and a second outlet port, the second apparatus for
controlling flow attached to the second mounting substrate such that the bleed port of the second
apparatus for controlling flow is fluidly coupled to the second vacuum port and the outlet of the
second apparatus for controlling flow is fluidly coupled to the second outlet port. The system
has a vacuum manifold fluidly coupled to the first and second vacuum ports, an outlet manifold
fluidly coupled to the first and second outlet ports, a vacuum source fluidly coupled to the
vacuum manifold, and a processing chamber fluidly coupled to the outlet manifold.

[0006] In another implementation, the invention is a system for controlling process fluids. The
system has a first apparatus for controlling flow, the first apparatus having an inlet, an outlet, and
a bleed port, the inlet of the first apparatus configured to receive a first process fluid. The system
has a second apparatus for controlling flow, the second apparatus having an inlet, an outlet, and a
bleed port, the inlet of the second apparatus configured to receive a second process fluid. The
apparatus has first and second mounting substrates, the first mounting substrate having a first
vacuum port and a first outlet port, the first apparatus for controlling flow attached to the first
mounting substrate such that the bleed port of the first apparatus for controlling flow is fluidly
coupled to the first vacuum port and the outlet of the first apparatus for controlling flow is fluidly
coupled to the first outlet port. The second mounting substrate has a second vacuum port and a
second outlet port, the second apparatus for controlling flow attached to the second mounting
substrate such that the bleed port of the second apparatus for controlling flow is fluidly coupled
to the second vacuum port and the outlet of the second apparatus for controlling flow is fluidly
coupled to the second outlet port. The system has a vacuum manifold fluidly coupled to the first
and second vacuum ports and an outlet manifold fluidly coupled to the first and second outlet

ports.



[0007] In yet a further implementation, the invention is a system for transporting process fluids.
The system has a plurality of mounting substrates, each mounting substrate having a vacuum
port and an outlet port. The system has a vacuum manifold fluidly coupled to the vacuum ports
of the plurality of mounting substrates. The system also has an outlet manifold fluidly coupled
to the outlet ports of the plurality of mounting substrates. The vacuum manifold has a plurality
of primary channels extending along a first longitudinal axis and a plurality of feed channels, the
vacuum ports of the plurality of mounting substrates fluidly coupled to the plurality of primary
channels via the plurality of feed channels. The outlet manifold has a plurality of primary
channels extending along a second longitudinal axis, the first and second longitudinal axes being
parallel.

[0008] In another implementation, the invention is an apparatus for controlling flow of a process
fluid. The apparatus has an inlet, an outlet, a bleed port, a flow path extending from the inlet to
the outlet, a first valve, a flow restrictor, a second valve, and a mounting portion. The first valve
is operably coupled to the flow path and located between the inlet and the outlet, the first valve
configured to control flow of a process fluid in the flow path. The flow restrictor has a flow
impedance and is operably coupled to the flow path and located between the inlet and the outlet.
The second valve is operably coupled to the flow path and located between the inlet and the
outlet, the second valve configured to control flow of the process fluid from the flow path to the
bleed port. The mounting portion comprises the outlet and the bleed port.

[0009] In yet another implementation, the invention is a method of manufacturing articles. The
method involves providing a first apparatus for controlling flow of a first process fluid, the first
apparatus for controlling flow having a mounting portion. The method further involves
providing a first mounting substrate having a surface, the surface having an outlet port and a
vacuum port, the outlet port fluidly coupled to an outlet manifold and the vacuum port fluidly
coupled to a vacuum manifold. The mounting portion of the first apparatus for controlling flow
is secured to the surface of the first mounting substrate. The outlet manifold is fluidly coupled to
a processing chamber, and the vacuum manifold is fluidly coupled to a vacuum source. The first
process fluid is supplied to the first apparatus for controlling flow. The first process fluid is
flowed through the first apparatus for controlling flow. The first process fluid is delivered from
the first apparatus for controlling flow to the vacuum port of the first mounting substrate. The
first process fluid is discharged through the vacuum manifold to the vacuum source. The first

process fluid is delivered from the first apparatus for controlling flow to the outlet port on the



first mounting substrate. Finally, a process is performed on an article within the processing
chamber.

[0010] Further areas of applicability of the present technology will become apparent from the
detailed description provided hereinafter. It should be understood that the detailed description
and specific examples, while indicating the preferred implementation, are intended for purposes

of illustration only and are not intended to limit the scope of the technology.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The invention of the present disclosure will become more fully understood from the
detailed description and the accompanying drawings, wherein:
[0012] FIG. 1 is a schematic of a system for manufacturing semiconductor devices utilizing one
or more apparatuses for controlling flow.
[0013] FIG. 2 is a schematic of a mass flow controller, the mass flow controller being one of the
apparatuses for controlling flow as may be utilized in the process of FIG. 1.
[0014] FIG. 3 is a perspective view of a plurality of apparatuses for controlling flow and a
manifold system as may be utilized in the system of FIG. 1.
[0015] FIG. 4 is a perspective view of a mass flow controller and a portion of the manifold
system, the mass flow controller being one of the apparatuses for controlling flow as may be
utilized in the system of FIG. 1.
[0016] FIG. 5 is a lower perspective view of the mass flow controller and the portion of the
manifold system of FIG. 4.
[0017] FIG. 6 is a left side view of the mass flow controller and the portion of the manifold
system of FIG. 4.
[0018] FIG. 7 is a right side view of the mass flow controller and the portion of the manifold
system of FIG. 4.
[0019] FIG. 8 is a front view of the mass flow controller and the portion of the manifold system
of FIG. 4.
[0020] FIG. 9 is a rear view of the mass flow controller and the portion of the manifold system
of FIG. 4.
[0021] FIG. 10 is a top view of the mass flow controller and the portion of the manifold system
of FIG. 4.



[0022] FIG. 11 is a bottom view of the mass flow controller and the portion of the manifold
system of FIG. 4.

[0023] FIG. 12 is a cross-sectional view of the mass flow controller and the portion of the
manifold system of FIG. 8, taken along line XII-XII.

[0024] FIG. 13 is a perspective view of the manifold system of FIG. 3.

[0025] FIG. 14 is a top view of the manifold system of FIG. 3.

[0026] FIG. 15 is a perspective view of a mounting substrate of the manifold system of Fig. 3
and portions of the vacuum and outlet manifolds.

[0027] FIG. 16 is a bottom perspective view of the mounting substrate of FIG. 15.

[0028] FIG. 17 is a cross-sectional view of the mounting substrate of FIG. 15, taken along line
XVII-XVIL

[0029] FIG. 18 is a cross-sectional view of the mounting substrate of FIG. 15, taken along line
XVII-XVIIL

[0030] FIG. 19 is a perspective view of a cradle of the mounting substrate of FIG. 15.

[0031] FIG. 20 is a top view of a cradle of the mounting substrate of FIG. 15.

[0032] FIG. 21 is a bottom perspective view of a cradle of the mounting substrate of FIG. 15.
[0033] FIG. 22 is a perspective view of a first portion of a port block of the mounting substrate
of FIG. 15.

[0034] FIG. 23 is a bottom perspective view of the first portion of the port block of the mounting
substrate of FIG. 15.

[0035] FIG. 24 is a perspective view of a second portion of the port block of the mounting
substrate of FIG. 15.

[0036] FIG. 25 is a bottom perspective view of the second portion of the port block of the

mounting substrate of FIG. 15.

DETAILED DESCRIPTION
[0037] The description of illustrative embodiments according to principles of the present
invention is intended to be read in connection with the accompanying drawings, which are to be
considered part of the entire written description. In the description of embodiments of the
invention disclosed herein, any reference to direction or orientation is merely intended for
convenience of description and is not intended in any way to limit the scope of the present

LI INTs

invention. Relative terms such as “lower,” “upper,” “horizontal,” “vertical,” “above,” “below,”
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right,

EE TS

up,” “down,” “left,” top” and “bottom” as well as derivatives thereof (e.g.,

EE Y3

“horizontally,” “downwardly,” “upwardly,” etc.) should be construed to refer to the orientation
as then described or as shown in the drawing under discussion. These relative terms are for
convenience of description only and do not require that the apparatus be constructed or operated
in a particular orientation unless explicitly indicated as such. Terms such as “attached,”
“affixed,” “connected,” “coupled,” “interconnected,” and similar refer to a relationship wherein
structures are secured or attached to one another either directly or indirectly through intervening
structures, as well as both movable or rigid attachments or relationships, unless expressly
described otherwise. Moreover, the features and benefits of the invention are illustrated by
reference to the preferred embodiments. Accordingly, the invention expressly should not be
limited to such preferred embodiments illustrating some possible non-limiting combinations of
features that may exist alone or in other combinations of features; the scope of the invention
being defined by the claims appended hereto.

[0038] The present invention is directed to systems for processing articles, these systems having
apparatuses for controlling fluid flow. In some embodiments, the apparatus may function as a
mass flow controller to deliver a known mass flow of gas or liquid to a semiconductor or similar
process. Semiconductor fabrication is one industry which demands high performance in control
of fluid flows. As semiconductor fabrication techniques have advanced, customers have
recognized the need for flow control devices with increased accuracy and repeatability in the
mass of the delivered fluid flows. In addition, flow control devices have increased in
complexity, utilizing more sophisticated arrangements that require delivery and removal of a
variety of process fluids. The present systems enable rapid assembly and maintenance of
systems for processing articles by utilizing standardized manifold configurations.

[0039] Fig. 1 shows a schematic of an exemplary processing system 1000 for processing articles.
The processing system 1000 may utilize a plurality of apparatus for controlling flow 100 fluidly
coupled to a processing chamber 1300. The plurality of apparatus for controlling flow 100 are
used to supply one or more different process fluids to the processing chamber 1300 via an outlet
manifold 400. Articles such as semiconductors may be processed within the processing chamber
1300. A valve 1100 isolates the apparatuses for controlling flow 100 from the processing
chamber 1300, enabling the apparatuses for controlling flow 100 to be selectively connected or
isolated from the processing chamber 1300. The processing chamber 1300 may contain one or

more applicators to apply process fluids delivered by the plurality of apparatus for controlling
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flow 100, enabling selective or diffuse distribution of the fluid supplied by the plurality of
apparatus for controlling flow 100. In addition, the processing system 1000 may further
comprise a vacuum source 1200 which is isolated from the processing chamber 1300 by a valve
1100 to enable evacuation of process fluids or facilitate purging one or more of the apparatus for
controlling flow 100 to enable switching between process fluids in the same apparatus for
controlling flow 100. Each of the apparatuses for controlling flow 100 may have a separate
bleed port which is coupled to a vacuum manifold 500, the vacuum manifold connected to the
vacuum source 1200 via a valve 1100. Optionally, the apparatuses for controlling flow 100 may
be mass flow controllers, flow splitters, or any other device which controls the flow of a process
fluid in a processing system. Furthermore, valves 1100 may be integrated into the apparatus for
controlling flow 100 if so desired. In some implementations this may eliminate the need for
certain other valves 1100 in the processing system 1000.

[0040] Processes that may be performed in the processing system 1000 may include wet
cleaning, photolithography, ion implantation, dry etching, atomic layer etching, wet etching,
plasma ashing, rapid thermal annealing, furnace annealing, thermal oxidation, chemical vapor
deposition, atomic layer deposition, physical vapor deposition, molecular beam epitaxy, laser
lift-off, electrochemical deposition, chemical-mechanical polishing, wafer testing, or any other
process utilizing controlled volumes of a process fluid.

[0041] Fig. 2 shows a schematic of an exemplary mass flow controller 101, which is one type of
apparatus for controlling flow 100 that may be utilized in the processing system 1000. The mass
flow controller 101 has a fluid supply 102 of a process fluid fluidly coupled to an inlet 104. The
inlet 104 is fluidly coupled to a proportional valve 120 which is capable of varying the mass and
volume of process fluid flowing through the proportional valve 120. The proportional valve 120
meters the mass flow of process fluid which passes to a P1 volume 106. The proportional valve
120 is capable of providing proportional control of the process fluid such that it need not be fully
open or closed, but instead may have intermediate states to permit control of the mass flow rate
of process fluid.

[0042] The P1 volume 106 is fluidly coupled to the proportional valve 120, the P1 volume 106
being the sum of all the volume within the mass flow controller 101 between the proportional
valve 120 and a flow restrictor 160. A pressure transducer 130 is fluidly coupled to the P1
volume 106 to enable measurement of the pressure within the P1 volume 106. A shutoff valve

150 is located between the flow restrictor 160 and the proportional valve 120 and may be used to
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completely halt flow of the process fluid out of the P1 volume 106. Optionally, the flow
restrictor 160 may be located between the shutoff valve 150 and the proportional valve 120 in an
alternate configuration. The flow restrictor 160 is fluidly coupled to an outlet 110 of the mass
flow controller 101. In the processing system, the outlet 110 is fluidly coupled to a valve 1100
or directly to the processing chamber 1300. In the present embodiment, the flow restrictor 160 is
located between the shutoff valve 150 and the outlet 110. In an alternate embodiment, the
shutoff valve 150 is located between the flow restrictor 160 and the outlet 110. Thus, the
arrangement of the shutoff valve 150 and the flow restrictor 160 may be reversed. Finally, a
bleed valve 180 is coupled to the P1 volume 106 and to a bleed port 190. The bleed valve 180
may be a proportional valve, on/off valve, or any other type of valve suitable for controlling fluid
flow. Optionally, a second flow restrictor may be incorporated between the P1 volume and the
bleed port 190.

[0043] Internal to the first shutoff valve 150 is a valve seat and a closure member. When the
apparatus 100 is delivering process fluid, the first shutoff valve 150 is in an open state, such that
the valve seat and the closure member are not in contact. This permits flow of the process fluid
and provides a negligible restriction to fluid flow. When the first shutoff valve 150 is in a closed
state the closure member and the valve seat are biased into contact by a spring, stopping the flow
of process fluid through the first shutoff valve 150.

[0044] The flow restrictor 160 is used, in combination with the proportional valve 120, to meter
flow of the process fluid. In most embodiments, the flow restrictor 160 provides a known
restriction to fluid flow. The first characterized flow restrictor 160 may be selected to have a
specific flow impedance so as to deliver a desired range of mass flow rates of a given process
fluid. The flow restrictor 160 has a greater resistance to flow than the passages upstream and
downstream of the flow restrictor 160.

[0045] Optionally, the mass flow controller 101 comprises one or more P2 pressure transducers
downstream of the flow restrictor 160 and the shutoff valve 150. The P2 pressure transducer is
used to measure the pressure differential across the flow restrictor 160. In some embodiments,
the P2 pressure downstream of the flow restrictor 160 may be obtained from another apparatus
100 connected to the processing chamber, with the readings communicated to the mass flow
controller 101.

[0046] Optionally, temperature sensors may be employed to further enhance the accuracy of the

mass flow controller 101. They may be mounted in the base of the mass flow controller 101 near
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the P1 volume 106. Additional temperature sensors may be employed in a variety of locations,
including adjacent the proportional valve 120, the pressure transducer 130, the shutoff valve 150,
and the bleed valve 180.

[0047] Turning to Fig. 3, a perspective view of a plurality of apparatuses for controlling flow
100 and a manifold system 300 are shown. As can be seen, six apparatuses 100 are provided in a
row. In this example, each of the apparatuses 100 are mass flow controllers 101, but each of the
apparatuses 100 could be different devices. Furthermore, not every mass flow controller 101
need be identical. Some may support different fluids, different ranges of flow capability, or any
other variation necessary to implement the desired process. As can be seen, the mass flow
controllers 101 are mounted to the manifold system 300.

[0048] Figs. 4-12 show a single mass flow controller 101 in greater detail, along with a portion
301 of the manifold system 300. The portion 301 provides the necessary attachment features to
mount the mass flow controller 101 or other apparatuses 100 in a standardized configuration.
The manifold system enables both vacuum and outlet manifolds to be connected with a minimum
of complexity as will be described in greater detail below.

[0049] Turning to Fig. 12, a cross-section of the mass flow controller 101 and the portion 301 of
the manifold system 300 are shown. The mass flow controller 101 comprises a base 103 formed
of a first portion 105 and a second portion 107. In some embodiments the base 103 is unitary
and monolithic, while in other instances the base 103 may be formed of more than two portions.
The base 103 comprises an inlet 104 and an outlet 110, a flow path extending from the inlet 104
to the outlet 110. The inlet 104 is fluidly coupled to a fluid supply 102 as discussed above.
Process fluids flow from the inlet 104 to the outlet 110 along the flow path, the inlet 104 being
referred to as upstream and the outlet 110 being referred to as downstream, as this is the ordinary
direction for fluid flow during operation of the mass flow controller 101. Both the inlet 104 and
the outlet 110 lie in a plane M-M which extends through the center of the mass flow controller
101 as shown in Figs. 4-11. The base 103 further comprises valve caps 113 which close off
passages. The valve caps 113 are used to facilitate manufacturing of the base 103 and aid in
assembly of the mass flow controller 101.

[0050] The inlet 104 is fluidly coupled to an inlet control valve 151, the inlet control valve 151
serving to control the flow of fluid into the mass flow controller 101. The primary function of

the inlet control valve 151 is to provide guaranteed shutoff of the mass flow controller 101 for



maintenance, service, calibration, etc. The inlet control valve 151 may be manually or
automatically operated. In some embodiments, the inlet control valve 151 may be omitted.
[0051] Downstream of the inlet control valve 151, an integrated particle filter 108 is installed in
the first portion 105 of the base 103. Optionally, the integrated particle filter 108 may be
omitted. Alternatively, it may be located upstream of the inlet control valve 151 or elsewhere in
the flow path. In yet other embodiments, the integrated particle filter 108 may be omitted. Fluid
flows past a PO pressure transducer 131, which is fluidly coupled to a PO volume 109 located
between the inlet control valve 151 and a proportional valve 120. The PO volume 109 comprises
all volume in the flow path between the inlet control valve 151 and a valve seat 122 of the
proportional control valve.

[0052] The proportional valve 120 comprises the valve seat 122 and a closure member 121. The
proportional valve is configured to transition from a closed state to an open state as well as any
intermediate position between the open and the closed states. This allows a variable volume of
gas or liquid to pass the proportional valve 120. Downstream of the proportional valve 120 is a
shutoff valve 150 and a characterized restrictor 160. As discussed above, the shutoff valve 150
may be upstream or downstream of the characterized restrictor 160. In this embodiment, the
volume between the proportional valve 120 and the characterized restrictor 160 is referred to as a
P1 volume 106. The P1 volume 106 comprises all volume in the flow path between the valve
seat 122 of the proportional valve 120 and the characterized restrictor 160.

[0053] A bleed valve 180 and a P1 pressure transducer 130 are fluidly coupled to the P1 volume
106 between the proportional valve 120 and the characterized restrictor 160. The bleed valve
180 comprises a closure member 181 and a valve seat 182. The P1 pressure transducer 130
measures the pressure of the fluid in the P1 volume 106. The bleed valve 180 is configured to
vent fluid from the P1 volume 106 to a bleed port 190. The bleed port 190 must be connected to
a vacuum manifold to dispose of process fluids. The vacuum manifold is discussed below in
greater detail.

[0054] The characterized restrictor 160 is located downstream of the shutoff valve 150 and
upstream of the outlet 110 as discussed above. The characterized restrictor 160 is configured
such that it provides a restriction to fluid flow to provide a pressure differential between the P1
volume 106 and a P2 volume 111. The P2 volume 111 comprises the volume of the flow path
between the characterized restrictor 160 and the outlet 110. The P2 volume 111 is fluidly

coupled to a P2 pressure transducer 132, the P2 pressure transducer 132 measuring the pressure
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of the fluid in the P2 volume 111. The restriction to fluid flow of the characterized restrictor 160
may also be referred to as a flow impedance, the flow impedance being sufficiently high that the
pressure drop across the characterized restrictor 160 can be measured using the P1 and P2
pressure transducers 130, 132.

[0055] In some embodiments, the characterized restrictor 160 may be upstream of the shutoff
valve 150. In some embodiments, the characterized restrictor 160 may be at least partially
located within the shutoff valve 150. In yet other embodiments, the shutoff valve 150 may be
omitted. The P1 and P2 pressure transducers 130, 132 may also be omitted in certain
embodiments. In yet other embodiments, one or more of the PO, P1, and P2 pressure transducers
131, 130, 132 may be differential pressure sensors, and may be fluidly coupled to more than one
of the PO, P1, and P2 volumes 109, 106, 111 to permit differential pressure measurement
between the PO, P1, and P2 volumes 109, 106, 111.

[0056] Returning to the bleed valve 180 and the bleed port 190, it can be seen that the bleed
valve 180 controls flow through a bleed passage 181 that connects the bleed valve 180 to the
bleed port 190. This bleed passage 181 may take any required path to reach a mounting portion
112. The mounting portion 112 forms a portion of the base 103 and has a surface 114
comprising the bleed port 190 and the outlet 110. In a preferred embodiment, the surface 114 of
the mounting portion 112 is planar. The mounting portion 112 enables connection of the mass
flow controller 101 to the portion 301 of the manifold system 300.

[0057] The portion 301 of the manifold system 300 comprises a portion 501 of the vacuum
manifold 500 and a portion 401 of the outlet manifold 400. The portion 301 of the manifold
system 300 further comprises a mounting substrate 310. The 3 310 provides the mechanical
connection for the mounting portion 112 of the mass flow controller 101. The mounting
substrate 310 provides both structural strength and rigidity to the mass flow controller 101 and
ensures robust fluid connection between the two components. The mounting portion 112 of the
mass flow controller 101 is configured to engage the mounting substrate 310 to fluidly couple
the outlet 110 and the bleed port 190 to the vacuum manifold 500 and the outlet manifold 400.
The surface 114 of the mounting portion 112 may incorporate features necessary to ensure that
the bleed port 190 and outlet 110 can be adequately sealed to ensure liquid and/or gas tight
connections between the mounting portion 112 and the mounting substrate 310. These features
may include recesses or any other feature necessary to provide room for sealing features, seals,

or other components that provide a fluid-tight connection.
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[0058] Turning to Figs. 13 and 14, the manifold system 300 is shown in greater detail. The
manifold system 300 comprises a plurality of portions 301, each portion 301 being substantially
identical. Each of the portions 301 comprises a portion 401 of the outlet manifold 400 and a
portion 501 of the vacuum manifold 500. As can be seen, the portions 401 of the outlet manifold
400 collectively form the outlet manifold 400 and the portions 501 of the vacuum manifold 500
collectively form the vacuum manifold 500. Each portion 301 comprises a mounting substrate
310.

[0059] The vacuum manifold 500 extends along a longitudinal axis A-A, the longitudinal axis A-
A being coaxial with a plurality of primary channels 502. The longitudinal axis A-A extends
perpendicular to the plane M-M, which extends through the inlet 104 and the outlet 110 of the
mass flow controller 101. Optionally, a first one of the portions 301 of the manifold system 300
may not comprise a primary channel 502 so that it may be sealed and may terminate the vacuum
manifold 500. The first one of the portions 301 may also comprise a primary channel 502 that is
coupled to another tubing system or may be coupled to the vacuum source 1200 as discussed
above. A last one of the portions 301 comprises a primary channel 502 that is fluidly coupled to
the vacuum source 1200 to ensure that the vacuum manifold 500 is under vacuum.

[0060] The primary channels 502 are coupled to a plurality of feed channels 504 via a plurality
of tee fittings 506. The feed channels 504 extend along a longitudinal axis C-C, the longitudinal
axis C-C being perpendicular to the longitudinal axis A-A. The longitudinal axis C-C extends
parallel to the plane M-M, which extends through the inlet 104 and the outlet 110 of the mass
flow controller 101. The feed channels 504 couple to the mounting substrates 310 and permit
fluid connection of the mounting substrates 310 to the plurality of primary channels 502. Thus,
fluid flows from the bleed ports 190 of the plurality of apparatuses 100, through the mounting
substrates 310, through the feed channels 504 to the primary channels 502, and then on to the
vacuum source. The primary channels 502 and the feed channels 504 may be pipe nipples,
lengths of pipe, or other tubular members that conduct fluids. They may be coupled to the
mounting substrates 310 and the tee fittings 506 via any known method, including threading,
welding, soldering, slip fits, compression fits, mounting flanges, monolithic construction, and the
like.  Although the primary channels 502 are shown in two parts, each primary channel 502
may be integrally formed such that it extends between adjacent tee fittings 506. In some
embodiments, the feed channels 504 may not extend perpendicular to the longitudinal axis A-A

and may be angled with respect to the longitudinal axis A-A at an angle other than 90 degrees.

12



[0061] The outlet manifold 400 extends along a longitudinal axis B-B, the longitudinal axis B-B
being parallel to the longitudinal axis A-A and spaced from the longitudinal axis A-A. The
longitudinal axis B-B extends perpendicular to the plane M-M, which extends through the inlet
104 and the outlet 110 of the mass flow controller 101. The outlet manifold 400 comprises a
plurality of primary channels 402 which connect the mounting substrates 310. They may be
attached to the mounting substrates via any known method, including threading, welding,
soldering, slip fits, compression fits, mounting flanges, monolithic construction, and the like.
Although the primary channels 402 are shown in two parts, each primary channel 402 may be
integrally formed such that it extends between adjacent mounting substrates 310. In some
embodiments, the longitudinal axis B-B may not extend parallel to the longitudinal axis A-A and
may be angled with respect to the longitudinal axis A-A.

[0062] Turning to Figs. 15-18, the portions 301 of the manifold system 300 are discussed in
greater detail. A single portion 301 is shown in Figs. 15-18, but the other portions 301 are
substantially identical. As can be seen, the single portion 301 comprises the portion 401 of the
outlet manifold 400 and the portion 5101 of the vacuum manifold. The portion 301 also
comprises the mounting substrate 310. The mounting substrate 310 comprises a cradle 320 and a
port block 330. The port block 330 comprises a first portion 340 and a second portion 350. The
first portion 340 comprises an outlet port 341 while the second portion 350 comprises a vacuum
port 351. In some embodiments, the port block 330 is formed as a single unitary monolithic
component, with the first and second portions 340, 350 being portions of a single component. In
other embodiments, such as the one shown, the port block 330 is formed such that the first and
second portions 340, 350 are individual components.

[0063] The mounting substrate 310 further comprises a 312, the surface 312 being substantially
planar. The cradle 320 and the port block 330 each form a portion of the surface 312, permitting
the mounting portion 112 of the mass flow controller 101 to seal against the surface 312. The
outlet port 341 and the vacuum port 351 are formed into the surface 312. Four mounting holes
322 are provided in the cradle 320 to permit attachment of an apparatus for controlling flow 100
such as the mass flow controller 101. Two bolts 314 are provided for attaching the mounting
substrate 310 to another object such as a bench, frame, or other structure within the factory
where the system is installed. These bolts 314 may be installed in counterbored through-holes
which extend through the cradle 320. Alternatively, any other known attachment technique may

be used.
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[0064] Turning to Fig. 17, a cross-section along the line XVII-XVII of Fig. 15 is shown. In Fig.
17, the portion 301 is shown cut through the outlet manifold 400 and associated portions of the
mounting substrate 310. As can be seen, the outlet manifold 400 extends along the axis B-B.
The cradle 320 supports the outlet manifold 400 and the port block 320, with the first portion 340
of the port block 330 being visible. The fluid flow path from the outlet port 341 of the first
portion 340 of the port block 330 to the primary channels 402 of the outlet manifold 400 is best
shown in this view.

[0065] Fig. 18 shows a cross-section along the line XVIII-XVIII of Fig. 15. In Fig. 18, the
portion 301 is shown sectioned through the first and second portions 340, 350 of the port block
330. As can be seen, the vacuum port 351 of the second portion 350 is fluidly coupled to one of
the feed channels 504 of the vacuum manifold 500. Fluid from the vacuum port 351 travels into
the second portion 350, turning a right angle and then proceeding along the feed channel 504
until it reaches the tee fitting 506. The outlet port 341 of the first portion 340 is also shown, with
the fluid turning at a right angle until it reaches the outlet manifold 400. The cradle 320 supports
the port block 330 such that the surface 312 is substantially planar, ensuring effective sealing of
the mass flow controller 101 with the mounting substrate 110.

[0066] Turning to Figs. 19-21, the cradle 320 is shown in greater detail. The cradle 320 has
mounting holes 322 as discussed previously, which are used to attach apparatuses for controlling
flow 100. Counterbored holes 324 are used to attach the cradle 320 to a substrate such as a
frame, table, or other component to provide mechanical support for the mounting substrate 310
and the apparatus 100. The cradle 320 also has a first side 325, a second side 326, a third side
327, and a fourth side 328. The first side 325 and the second side 326 are opposite one another
and the third side 327 and fourth side 328 are opposite one another. A first slot 332 extends
through the cradle 320 from the first side 325 toward the second side 326. A second slot 333
extends through the cradle 320 from the second side 326 toward the first side 325. Collectively,
the first and second slots 332, 333 extend from the first side 325 to the second side 326.

[0067] A third slot 334 extends through the cradle 320 from the third side 327 toward the fourth
side 328. A fourth slot 335 extends through the cradle 320 from the fourth side 328 toward the
third side 327. Collectively, the third and fourth slots 334, 335 extend from the third side 327 to
the fourth side 328. The first and second sides 325, 326 are perpendicular to the third and fourth
sides 327, 328. The first and second slots 332, 333 receive the primary channels 402 while the
third slot 334 receives the feed channel 504. The fourth slot 335 is left unoccupied. Thus, the

14



outlet manifold 400 extends through the first and second slots 332, 333 and the vacuum manifold
500 extends through one of the third and fourth slots 334, 335. Providing the fourth slot 335
allows greater flexibility in manifold configuration. It is conceived that the vacuum manifold
500 might extend through the fourth slot 335 instead of the third slot 334. It is also conceivable
that a third port could be added to the port block 330 to enable connection of three manifolds,
allowing different process chambers to be served by the same equipment or providing multiple
vacuum manifolds for different fluids or different purposes.

[0068] Generally, the first and second slots 332, 333 are wider than the third and fourth slots
334, 335. Generally, the first and second slots 332, 333 are perpendicular to the third and fourth
slots 334, 335. However, the slots 332, 333, 334, 335 could be of the same width or the first and
second slots 332, 333 could be narrower than the third and fourth slots 334, 335. The slots 332,
333, 334, 335 also need not be parallel or perpendicular to one another and may be arranged at
different angles to accommodate manifold channels which are angled at other than right angles.
[0069] Figs. 22 and 23 show the second portion 350 of the port block 330 with the portion 501
of the vacuum manifold 500. The vacuum port 351 of the second portion is located on a top
surface 352, which can be clearly seen in Fig. 22. The feed channel 504, tee fitting 506, and the
primary channels 502 can be seen extending from the second portion 350. The second portion
350 is configured to fit within the third slot 334 and has a width which is approximately equal to
the width of the third slot 334 as measured from a first side 353 to a second side 354. The
second portion 350 has a height which is substantially equal to a depth of the third slot 334.
[0070] Figs. 24 and 25 show the first portion 340 of the port block 330 with the portion 401 of
the outlet manifold 400. The vacuum port 341 is located on a top surface 342, which can be best
seen in Fig. 24. The primary channels 402 can be seen extending from first and second ends
343, 344. The first portion 340 has a width which is approximately equal to the width of the first
and second slots 332, 334, the width being measured from a third side 345 to a fourth side 346.
The first portion 340 has a height which is substantially equal to a depth of the first and second
slots 332, 333.

[0071] A method of utilizing the systems described above will now be discussed in greater
detail. In a preferred embodiment, the aforementioned systems are used to implement a method
of manufacturing articles such as semiconductor devices. In this method, an apparatus for
controlling flow 100 is provided, the apparatus 100 comprising a mounting portion 112. A

mounting substrate 312 is also provided, the mounting substrate having a surface 312 having an
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outlet port 341 and a vacuum port 351 formed therein. The outlet port 341 is fluidly coupled to
an outlet manifold 400 and the vacuum port 351 is fluidly coupled to a vacuum manifold 500.
The outlet manifold 400 is fluidly coupled to a processing chamber 1300 and the vacuum
manifold 500 is fluidly coupled to a vacuum source 1200.

[0072] A process fluid is supplied to the apparatus 100, the process fluid flows through the
apparatus 100 and is delivered to a bleed port 190. The process fluid then flows from the bleed
port 190 to the vacuum port 351 because the mounting portion 112 of the apparatus 100 is
mounted to the mounting substrate 312 such that the vacuum port 351 is in fluid communication
with the bleed port 190. Similarly, the outlet port 341 is in fluid communication with the outlet
110 of the apparatus 100. Process fluid flows from the vacuum port 351 to the vacuum manifold
500 and on to the vacuum source 1200. Similarly, the process fluid flows through the apparatus
100 and is delivered to the outlet 110. In turn, the process fluid flows from the outlet 110
through the outlet port 341 of the mounting substrate and on to the outlet manifold 400. Process
fluid then flows to the processing chamber 1300. The process fluid is used to perform a process
on an article within the processing chamber. In some embodiments, the article being processed
is a semiconductor device or is manufactured into a semiconductor device as a result of the
processing performed in the method.

[0073] In some embodiments, the process fluid is flowed through the vacuum port 351 before it
is flowed through the outlet port 341. In other embodiments the process fluid flows through both
the vacuum port 351 simultaneously with flowing through the outlet port 341. In yet other
embodiments, the process fluid flows through the outlet port 341 before it flows through the
vacuum port 351. In yet further embodiments, a plurality of apparatuses 100 and mounting
substrates 312 may be utilized. In these embodiments, a plurality of process fluids may be used,
or the same process fluid may be used in more than one apparatus 100. In those embodiments
utilizing a plurality of apparatuses 100, more than one apparatus 100 may be active
simultancously. In some embodiments, more than one process fluid may flow through the
corresponding vacuum ports 351 and outlet ports 341 simultaneously.

[0074] While the invention has been described with respect to specific examples including
presently preferred modes of carrying out the invention, those skilled in the art will appreciate
that there are numerous variations and permutations of the above described systems and
techniques. It is to be understood that other embodiments may be utilized, and structural and

functional modifications may be made without departing from the scope of the present invention.
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Thus, the spirit and scope of the invention should be construed broadly as set forth in the

appended claims.

17



CLAIMS
WHAT IS CLAIMED IS:
1. A system for processing articles, the system comprising:

a first fluid supply configured to supply a first process fluid;

a second fluid supply configured to supply a second process fluid;

a first apparatus for controlling flow, the first apparatus having an inlet, an outlet, and a
bleed port, the inlet of the first apparatus fluidly coupled to the first fluid supply;

a second apparatus for controlling flow, the second apparatus having an inlet, an outlet,
and a bleed port, the inlet of the second apparatus fluidly coupled to the second fluid supply;

a first mounting substrate comprising a first vacuum port and a first outlet port, the first
apparatus for controlling flow attached to the first mounting substrate such that the bleed port of
the first apparatus for controlling flow is fluidly coupled to the first vacuum port and the outlet of
the first apparatus for controlling flow is fluidly coupled to the first outlet port;

a second mounting substrate comprising a second vacuum port and a second outlet port,
the second apparatus for controlling flow attached to the second mounting substrate such that the
bleed port of the second apparatus for controlling flow is fluidly coupled to the second vacuum
port and the outlet of the second apparatus for controlling flow is fluidly coupled to the second
outlet port;

a vacuum manifold fluidly coupled to the first and second vacuum ports;

an outlet manifold fluidly coupled to the first and second outlet ports;

a vacuum source fluidly coupled to the vacuum manifold; and

a processing chamber fluidly coupled to the outlet manifold.

2. The system of claim 1 wherein the vacuum manifold comprises a plurality of primary
channels extending along a first longitudinal axis and a plurality of feed channels, the first and
second vacuum ports of the first and second mounting substrates fluidly coupled to the plurality
of primary channels via the plurality of feed channels and wherein the outlet manifold comprises
a plurality of primary channels extending along a second longitudinal axis, the first and second

longitudinal axes being parallel.
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3. The system of claim 2 wherein the plurality of feed channels extend perpendicular to the

first longitudinal axis.

4. The system of claim 2 wherein a first plane intersects the inlet and the outlet of the first

apparatus for controlling flow, the first plane being perpendicular to the second longitudinal axis.

5. The system of claim 4 wherein the first plane intersects a first one of the plurality of feed
channels.
6. The system of claim 4 wherein a second plane intersects the inlet and the outlet of the

second apparatus for controlling flow, the second plane being perpendicular to the second

longitudinal axis.

7. The system of claim 1 wherein each of the first and second mounting substrates comprises

a cradle and a port block.

8. The system of claim 7 wherein each of the cradles comprise first, second, third, and fourth
slots, the first and second slots extending through the cradle from a first side to an opposite second
side and the third and fourth slots extending through the cradle from a third side to an opposite

fourth side, the first and second sides being perpendicular to the third and fourth sides.

9. The system of claim 7 wherein the port block of the first mounting substrate comprises the

first vacuum port and the first outlet port.

10. The system of claim 1 wherein the outlet manifold comprises a plurality of primary

channels, each of the plurality of primary channels extending along a longitudinal axis.

1. A system for controlling process fluids, the system comprising:

a first apparatus for controlling flow, the first apparatus having an inlet, an outlet, and a
bleed port, the inlet of the first apparatus configured to receive a first process fluid;

a second apparatus for controlling flow, the second apparatus having an inlet, an outlet,

and a bleed port, the inlet of the second apparatus configured to receive a second process fluid;
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a first mounting substrate comprising a first vacuum port and a first outlet port, the first
apparatus for controlling flow attached to the first mounting substrate such that the bleed port of
the first apparatus for controlling flow is fluidly coupled to the first vacuum port and the outlet of
the first apparatus for controlling flow is fluidly coupled to the first outlet port;

a second mounting substrate comprising a second vacuum port and a second outlet port,
the second apparatus for controlling flow attached to the second mounting substrate such that the
bleed port of the second apparatus for controlling flow is fluidly coupled to the second vacuum
port and the outlet of the second apparatus for controlling flow is fluidly coupled to the second
outlet port;

a vacuum manifold fluidly coupled to the first and second vacuum ports; and

an outlet manifold fluidly coupled to the first and second outlet ports.

12. The system of claim 11 wherein the vacuum manifold comprises a plurality of primary
channels extending along a first longitudinal axis and a plurality of feed channels, the first and
second vacuum ports of the first and second mounting substrates fluidly coupled to the plurality
of primary channels via the plurality of feed channels and wherein the outlet manifold comprises
a plurality of primary channels extending along a second longitudinal axis, the first and second

longitudinal axes being parallel.

13. The system of claim 11 wherein each of the first and second mounting substrates comprises

a cradle and a port block.

14. The system of claim 13 wherein each of the cradles comprise first, second, third, and fourth
slots, the first and second slots extending through the cradle from a first side to an opposite second
side and the third and fourth slots extending through the cradle from a third side to an opposite

fourth side, the first and second sides being perpendicular to the third and fourth sides.

15. The system of claim 13 wherein the port block of the first mounting substrate comprises

the first vacuum port and the first outlet port.
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16. The system of claim 11 wherein the manifold comprises a plurality of primary channels
connecting adjacent ones of the mounting substrates, each of the plurality of primary channels

extending along a longitudinal axis.

17. A system for transporting process fluids, the system comprising:

a plurality of mounting substrates, each mounting substrate comprising a vacuum port and
an outlet port;

a vacuum manifold fluidly coupled to the vacuum ports of the plurality of mounting
substrates; and

an outlet manifold fluidly coupled to the outlet ports of the plurality of mounting substrates;

wherein the vacuum manifold comprises a plurality of primary channels extending along a
first longitudinal axis and a plurality of feed channels, the vacuum ports of the plurality of
mounting substrates fluidly coupled to the plurality of primary channels via the plurality of feed
channels; and

wherein the outlet manifold comprises a plurality of primary channels extending along a

second longitudinal axis, the first and second longitudinal axes being parallel.

18. The system of claim 17 wherein the plurality of feed channels extend perpendicular to the

first longitudinal axis.

19. The system of claim 17 wherein each of the plurality of mounting substrates comprises a

cradle and a port block.

20. A method of manufacturing articles, the method comprising:

a) providing a first apparatus for controlling flow of a first process fluid, the first apparatus
for controlling flow comprising a mounting portion;

b) providing a first mounting substrate comprising a surface, the surface comprising an
outlet port and a vacuum port, the outlet port fluidly coupled to an outlet manifold and the vacuum
port fluidly coupled to a vacuum manifold, the mounting portion of the first apparatus for
controlling flow secured to the surface of the first mounting substrate, the outlet manifold fluidly
coupled to a processing chamber, and the vacuum manifold fluidly coupled to a vacuum source;

¢) supplying the first process fluid to the first apparatus for controlling flow;
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d) flowing the first process fluid through the first apparatus for controlling flow;

e) delivering the first process fluid from the first apparatus for controlling flow to the
vacuum port of the first mounting substrate;

f) discharging the first process fluid through the vacuum manifold to the vacuum source;

g) delivering the first process fluid from the first apparatus for controlling flow to the outlet
port of the first mounting substrate; and

h) performing a process on an article within the processing chamber.

22



